Abstract: (-)-Clavukerin A has been synthesized via intramolecular Julia coupling and intramolecular sulfone ester cyclization starting from (+)-limonene oxide.
INTRODUCTION
(-)-Clavukerin A (1), a trinor-guaiane sesquiterpene, was isolated from the Okinawan soft coral Clavularia koellikeri (stolonifer) together with clavukerin C (2) by Kitagawa and coworkers [1] . The absolute stereochemistry was assigned as shown on the basis of chemical, physicochemical, and X-ray crystallographic analysis (Fig. 1 ).
Several syntheses of clavukerin A, including enantiocontrolled routes, have been reported recently [2] .
RESULTS
In this communication, we describe the total synthesis of (-)-1 using our previously disclosed methodology for medium-size ring construction via intramolecular sulfone ester as well as sulfone aldehyde cyclization (intramolecular Julia coupling) [3] .
Starting with readily available 3 [4] , reduction of the aldehyde (NaBH 4 , MeOH, 0°C) and conversion of the alcohol to sulfone 4 [5] [PBr 3 , Et 2 O, 0°C, then PhSO 2 Na, dimethylformamide (DMF), 25°C, 15 h] proceeded in excellent overall yield (85 %). Hydroboration of 4-disiamylborane [6] , tetrahydrofuran (THF), 25°C, 2.5 h-followed by oxidative work-up gave a single alcohol, which, on treatment with methanesulfonyl chloride (MsCl, NEt 3 , 0°C, 1 h) and sodium iodide in acetone (65°C, 16 h), furnished crystalline 5 [7] (92 % overall yield). The crucial relative stereochemistry of the newly created chiral center in 5 was proved by detailed nuclear Overhauser effect (NOE) studies on the more rigid bicyclic derivative 6, obtained upon treatment of 5 with 1.1 equiv of LiHMDS in THF (Fig. 2) [8] .
Introduction of the remaining two-carbon unit was easily accomplished by reacting 5 with the sodium salt of methyl malonate, initially at 0°C for 1 h, followed by heating at 140°C for 16 h to effect decarbalkoxylation. This one-pot sequence allowed the preparation of 7 [9] in 51 % yield without isolation of the malonate intermediate. Ring closure [10] was achieved by slow addition of 2.2 equiv LiHMDS (1.0 M in THF) to a solution of 7 in THF at 0°C to give 8 [11] in 89 % isolated yield (Fig. 3) . Reduction of 8 with sodium borohydride gave 9 [12] as a single diastereomer (93 % yield). Alternatively, 9 can be prepared as a single stereoisomer via intramolecular Julia condensation [13] of aldehyde 10 [14] with 1.7 equiv LiHMDS (1.0 M in THF, 0°C, 39 % yield). The stereocontrolled outcome of the cyclization suggests a highly organized transition state 11 with kinetic sulfone deprotonation as we had observed previously in the total synthesis of heliannuol A [3] . Finally, β-hydroxy sul-E. L. GRIMM et al. In summary, an intramolecular Julia condensation, as well as a sulfone ester cyclization, provides efficient methods for the stereocontrolled construction of the clavukerin nucleus.
